Changes in the localization of von Willebrand factor (vWF) in the follicular microvasculature were examined to determine whether functional modulation of microvasculature occurred in the atretic follicle in cows. Paraffin sections of healthy follicles and various stages of atretic follicles were immunostained with rabbit monoclonal antibody to vWF. The vWF-positive cells were counted in 4 different regions of a follicle from the apical to the basal side. In all types of follicles, immunoreactions for vWF were observed in the endothelial cells of capillaries as well as veins and arteries in the theca interna and externa.
It is known that von Willebrand factor (vWF) is a multimeric glycoprotein that is present in the plasma and subendothelium20) and mediates adhesion of platelet to the subendothelium at the sites of vascular injury and disorder29,32). This factor is synthesized exclusively by endothelial cells and megakaryocytes and stored within intracellular granules in both endothelial 6, 23, 31 Compared to early atretic follicles, advanced atretic follicles were characterized by a greater destruction of follicular structure, more degenerative granulosa cells and/or a noticeable decrease in the number of granulosa cells. Follicles with more severe degenerative changes than advanced atretic follicles were classified as the late atretic follicles. To ascertain the atretic follicles, sections were also stained by terminal deoxynucleotidyl transferase (Tdt)-mediated biotinylated deoxyuridine triphosphates (dUTP) nick end-labeling (TUNEL) because apoptosis is a primary sign of atresia12, 15, 16) . Antibodies
The antibodies used in the study were rabbit monoclonal antibody to human vWF (F3520, Sigma), VECSTAIN ABC-PO kit (Vector Lab. Inc., Burlingame, CA, USA) and alkaline phosphatase-conjugated anti-rabbit IgG (Sigma).
The specificity of antivWF antibody was examined by western blot as follows.
Theca interna tissue was collected from atretic follicles. The samples were homogenized with homo-
EDTA, pH 7.5) using a Polytron homogenizer (PT 1200; Kinematica AG, Switzerland) on ice. Homogenized tissue samples were centrifuged for 15 min at the supernatants were collected. The protein concentrations in each sample were determined using protein assay reagent (Bio-Rad, Hercules, CA).
Antigen sample (2.5mg/ml) containing vWF was separated by electrophoresis on discontinuous SDSpolyacrylamide gels (4% upper gel and 5% lower gel). After electrophoresis the separated proteins in the lower gel were transferred electrophoretically onto 
Results
In the healthy follicles, immunoreactions for vWF were observed in the endothelial cells of capillaries as well as veins and arteries in the theca interna and externa (Fig. 3a, b) . Some of the vessels in these tissues were negative for vWF immunoreactions. In the early and advanced atretic follicles, degenerated or apoptotic cells were observed in the granulosa layers, whereas the theca layers and blood vessels did not show degenerated structure (Fig. 4a, b) . However, an increased number of blood vessels were stained positive for vWF in the theca layers of both apical and basal regions of the advanced atretic follicles. In the late atretic follicle, the theca tissues and blood vessels did not show significant structural disintegration, but a large number of blood vessels reacted for vWFantibody (Fig. 5a, b) . vWF-positive blood vessels were lower in the healthy follicle than in each type of atretic follicles. The numbers of vWF-positive blood vessels showed a tendency to increase as the atretic stages proceeds, and there were significant (P<0.05) differences in the number between healthy and late atretic follicles at the apical and basal regions. Advanced atretic follicle at the basal regions also showed a significantly greater number of vWF-positive blood vessels than that in healthy follicle at the same region. The vWF-positive area in the theca interna of healthy and atretic follicles is shown in Fig. 7 . The area stained positive for vWF was small in the healthy follicles, whereas it was markedly increased with a progression of atresia at all regions. The area was significantly (P<0.05) greater in advanced and late atretic follicles than in healthy and early atretic follicles at all regions except for the apical region of advanced atretic follicles. The area stained positive for vWF in the advanced atretic follicle was significantly (P<0.05) greater at the basal region than that at the apical region.
In the theca externa, the number of vWF-positive Table 1 .
Summary of the numbers of von Willebrand factor (vWF)-positive blood vessels and vWF-positive area in the theca interna and externa of bovine healthy and atretic follicles vessels at apical region was significantly (P<0.05) greater in the late atretic follicles than in the healthy follicles (Fig. 8) . However, there was no significant difference in the frequency of vWF positive blood vessels among follicles in subapical, subbasal and basal regions. results suggest that changes in the blood supply that is caused by the functional disorder of microvasculature system may be also a significant factor that occurs in the atresia. Decrease in cell proliferation and increase of apoptosis have been shown in the early atretic process8,9,12,13,15,16) The present results on the changes in vWF distribution are temporally well associated with these features of follicular cell functions.
The changes of vascularization are dependent upon the secretion of the angiogenic factors from ovarian tissue27,28). Vascular endothelial growth factors (VEGF) are reported to be one of the major angiogenic factors in the ovary26), and the production of which declines in the atretic follicles35). Furthermore, atretic follicles have lower competence to produce estradiol than do the healthy follicles3). Blood vessels possess the receptors for the ovarian steroid 
